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1. Title of the Invention 

FERROELECTRIC LIQUID CRYSTAL ELEMENT 

2. Scope of Claims 

(1) A ferroelectric liquid crystal element interposing ferroelectric liquid crystal 
between a pair of substrates and having a matrix structure that a group of scan 
electrodes and a group of signal electrodes are intersected with each other, characterized 
in that at least one group of the scan electrodes and the signal electrodes has auxiliary 
electrodes formed of metal film in contact with the electrodes in its longitudinal 
direction, and the auxiliary electrodes are coated with strip spacers for maintaining a 
cell thickness. 

(2) The ferroelectric liquid crystal element according to claim 1, characterized 
in that the ferroelectric liquid crystal has a smetic phase. 

3. Detailed Description of the Invention 

(Technical Field) 

The present invention relates to a liquid crystal element used in a liquid crystal 
display, a liquid crystal-optical shutter, or the like, and more particularly, to a liquid 
crystal element using ferroelectric liquid crystal. 

(Summary of the Disclosure) 

A liquid crystal element using ferroelectric liquid crystal disclosed herein and 
the accompanying drawings is capable of removing orientation defects due to a step of 
an auxiliary electrode, by coating the auxiliary electrode formed of metal film in contact 
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with a strip electrode with a spacer. 
(Conventional Arts) 

Recently, ferroelectric liquid crystal has been considered as application of a 
high precision and large-scale display because of its high response speed and memory 
characteristics. This liquid crystal element generally has a simple matrix structure 
including pixels formed of intersections that a group of scan electrodes and a group of 
signal electrodes are intersected with each other. High precision of this structure 
causes the electrodes to have a narrow width to increase a resistance value per one line 
of the electrode; as a result, a voltage value of the one line may be varied to cause a 
drive voltage to be insufficiently applied to each pixel. Therefore, in order to solve the 
problems, an auxiliary metal interconnection is installed at a transparent electrode, 
thereby decreasing the resistance value and reducing variation of the voltage. 

(Approaches for Solving the Problems) 

Up to now, ferroelectric liquid crystal with a chiral smetic phase has the most 
practical use. However, the liquid crystal phase generates orientation defects when a 
step is formed at an interface between substrates, and cannot obtain uniform 
monodomain. Therefore, when the auxiliary metal interconnection is installed as 
described above, the step may be generated on the substrate, and it is difficult to obtain 
uniform monodomain and appropriate drive characteristics. 

In order to solve the problems, the present invention provides a ferroelectric 
liquid crystal element capable of obtaining appropriate drive characteristics. 
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(Summary of the Invention) 

In order to solve the problems, as shown in FIG 1 corresponding to an 
embodiment, the present invention provides a ferroelectric liquid crystal element 
interposing ferroelectric liquid crystal 8 between a pair of substrates 1 and 2 and having 
a matrix structure that a group of scan electrodes 3 and a group of signal electrodes 4 
are intersected with each other, characterized in that at least one group of the scan 
electrodes 3 and the signal electrodes 4 has auxiliary electrodes 5 formed of metal film 
in contact with the electrode in a longitudinal direction, and the auxiliary electrodes are 
coated with strip spacers 7 for maintaining a cell thickness (a gap between parallel 
substrates). 

(Applicability) 

An auxiliary electrode installed along a strip-shaped drive electrode can remove 
a step generated by the auxiliary electrode since the auxiliary electrode is coated with a 
strip spacer formed in the same direction. In this case, though a surface of a substrate 
is oriented in a direction perpendicular to the longitudinal direction of the strip electrode, 
since the step on the substrate was removed as described above, it is possible to prevent 
orientation defects from generating at an interface. Meanwhile, in the opposite 
substrate, a drive electrode and an auxiliary electrode are oriented in the same direction 
as their strip directions. That is, the step is generated in the direction perpendicular to 
the orientation of a liquid crystal molecule, but not generated in the direction parallel to 
the orientation. Since the step in the parallel direction has little orientation defects of 
the liquid crystal molecule, it is possible to form a good monodomain structure from the 
interface between the upper and lower substrates by coating only the auxiliary electrode 
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on the substrate perpendicular to the orientation with the spacer. 
(Embodiments) 

Hereinafter, an embodiment of the present invention will be described in 
conjunction with FIGS 1 and 2. FIG 1 is a partial cross-sectional view taken along the 
line X-X' of FIG 2, and FIG 2 is a plan view of an element. As shown in FIGS. I and 
2, a glass substrate 2 has a group of strip-shaped signal electrodes 4, and auxiliary 
electrodes 5 formed at one ends of the signal electrodes and formed of Al (aluminum) 
film. A polyimide layer 6 is uniformly formed on an entire surface of the substrate. 
In addition, spacers 7 are formed on the glass substrate 2 to maintain a thickness of cells 
and cover the auxiliary electrode 5. Similarly, a glass substrate 1 has a group of strip- 
shaped scan electrodes 3, auxiliary electrodes 5, and a polyimide layer 6. The two 
sheets of substrates are disposed such that the upper and lower electrodes are intersected 
with each other and ferroelectric liquid crystal is filled therein. 

Next, an exemplary embodiment of an element of the present invention will be 
described. 

First, an ITO (indium tin oxide) layer is formed on an entire surface of the glass 
substrate 2 using an EB deposition method, and a strip electrode having a width of 90 

pm is patterned to have a pitch of 100 [Jm through a photoresist method to form the 

group of signal electrodes 4. Next, in order to form the auxiliary electrode 5, after 
depositing Al on an entire surface, a patterning process is performed on an end of the 

signal electrode using the photoresist method to have a layer thickness of 1000A and a 
width of 5 |Jm. Next, a polyimide layer 6 having a thickness of 600 A is applied on the 
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electrodes using a spinner. The polyimide layer 6 uses PIQ (trade name) available 
from Hitachi Chemical Co., Ltd to be baked at 250 °C for one hour. 

Next, in order to form strip spacers on the auxiliary electrodes 5, polyimide is 
applied on an entire surface of the polyimide layer 6 to a thickness of 1.5 pm to be 
patterned through a photoresist method to form the spacers 7 having a width of 15 pm 

and a layer thickness of 2 |Jm. Therefore, the step due to the auxiliary electrode 5 is 

smoothed by the spacers to allow the glass substrate 2 to have no rapid step at an 
interface to the liquid crystal. 

Meanwhile, the opposite glass substrate 1 is also fabricated through the same 
process as the glass substrate 2, except that the spacers 7 are not formed. 

Since the glass substrate 1 has no spacer, a step is formed on the substrate 1 due 
to the auxiliary electrode 5. However, the inventors of the present invention found that 
the orientation defects are generated at a very low ratio when the step having a thickness 
of the liquid crystal layer is formed in a direction of a uniaxial orientation, especially in 
the ferroelectric liquid crystal having a smetic phase. 

Therefore, the polyimide layer 6 of the glass substrate 1 is set to have a slightly 

large thickness of 1500 A to smooth the step in a parallel direction, and simultaneously, 
orientation treatment is directed to the strip electrode direction on the substrate, thereby 
obtaining good monodomain of the interface, without defects. The orientation 
treatment is performed using a rubbing method, as described above, the glass substrate 1 
is rubbed in a direction parallel to the strip electrode, and the glass substrate 2 is rubbed 
in a direction perpendicular to the strip electrode. 
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The substrates obtained as described above are adhered to each other such that 
the groups of electrodes are intersected with each other, thereby forming a liquid crystal 
cell. 

Embodiment 1 

The liquid crystal cell fabricated as described above is filled with ferroelectric 
liquid crystal formed of three components described as follows: 

^ CSi 

is, 

Viewing through a polarization microscope, the three components of liquid 

crystal with SmC phase (chiral smetic C phase) has a temperature of 4 ~ 35 °C. The 

three components of mixed liquid crystal is filled in the liquid crystal cell, then, heated 

up to an isotropic phase, and then, cooled down by 0.5 °C/h, thereby performing the 

orientation treatment When the liquid crystal cell is viewed through the polarized 
microscope set to crossed nicols, it is appreciated that monodomain having little 
orientation defects is formed. 

In addition, when a conductive line is extracted from an end of the substrate of 

the cell to apply a pulse voltage to each pixel, the voltage is reversed to ± 15V at 1 msec, 

and pair reliability having first and second stable states is represented. 

As described above, it is appreciated that each pixel is equally reversed to a 
certain voltage, and the voltage is not varied in one line. 
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Embodiment 2 

Sufficiently uniform monodomain orientation can be obtained by filling liquid 
crystal material as DOBAMBC described as follows: 

and the other tests are performed through the same tests as the embodiment 1. 
In addition, a drive voltage requiring for reversal is ± 16V at 1 msec, and it is possible 
to obtain good drive characteristics like the embodiment 1. 

The spacer 7 used in the present invention may employ photosensitive polyimide, 
photosensitive polyamide, photoresist material, polyamide, and phenol resin, in addition 
to polyimide used in the embodiment 1. In addition, the auxiliary electrode 5 may use 
Cr, Ag, Cu, and so on, in addition to Al. 

(Effects of the Invention) 

As can be seen from the foregoing, the present invention is capable of removing 
orientation defects due to a step of an auxiliary electrode, and obtaining uniform 
monodomain at an interface between substrates. Therefore, it is possible to obtain 
appropriate drive characteristics even when ferroelectric liquid crystal is used. 

4. Brief Description of the Drawings 

FIG 1 is a partial cross-sectional view illustrating an embodiment of a liquid 
crystal element; and 

FIG. 2 is a plan view illustrating an embodiment of a liquid crystal element. 



• Description of Major Reference Numerals 

12: Glass Substrate 

3: Group of Scan Electrodes 

4: Group of Signal Electrodes 

5: Auxiliary Electrode 

6: Polyimide Layer 

7: Spacer 

8: Ferroelectric Liquid Crystal 
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